Introduction
Malaria parasites are transmitted from female Anopheles spp. of mosquitoes (1, 2) . In tropical countries like Nigeria, eradication of malaria has been very difficult because of favourable climatic conditions for mosquito multiplication (3, 4) . Timeliness in seeking treatment and its efficacy underscore the degree of incapacitation and the number of lost working days. In many malaria endemic countries, poorly developed healthcare system, poverty and unregulated infiltration of fake drugs often thwart efforts and initiatives to deliver efficient treatments (5) .
The magnitude of economic burdens arising from malaria in many African countries, though often underestimated due to poorly developed health management information systems (6) , makes it a ruthless public health problem with significant devastating potentials (7, 8) . Globally, malaria is highly endemic in more than 100 countries with about 40% of total population at risk and more than 3 million mortality (9, 10) . Available statistics have shown that without consideration of other deadly diseases, malaria possesses indomitable potentials to irreversibly alter demographic distribution of populations in strongly endemic areas as one of the greatest world-wide public health challenges (6, 11) . In Africa, malaria annually threatens the health and successful outcomes of pregnancies of about 24 million women (12) . Pregnant women, due to changes in the metabolic processes within their body systems often possess weak immunity against attacks and assaults from disease causing pathogens. However, a malaria attacks during pregnancy is serious infections due to rapid accumulation of malaria parasites in the placenta which ultimately reduces transportation of food nutrients to the foetus (13) . Therefore, malaria is among the critical health challenges among pregnant women with approximately 19-24 million at risk (14, 15) . Higher malaria vulnerability is expected of pregnant women from P. falciparum infection, most essentially those getting pregnant for the first time (16, 17) . In addition, malaria is directly associated with more than 10% of death among pregnant women (5) . Survival of born children would be compromised through low birth weight and malaria induced anaemia (18) (19) (20) (21) . There have been several findings on the knowledge of Nigerian households on malaria. A study previously found that some households had good knowledge of the symptoms of malaria in infants and children (22) . However, misconceptions and deficiency in adequate knowledge on the cause of malaria had been reported (23, 24) . In Edo State, Nigeria, a study (25) found that peer education increased the knowledge of women on malaria with 64.8% and 73.6% providing correct answers before and after the education respectively. However, use of bed nets to prevent mosquito bites was reported to be very low with 11.60%. Another study (26) reported that pregnant women indicated that symptoms of malaria during pregnancy included abdominal pains and foetal weakness due to reduced kicks (53%), body pains and headaches (27%) and anaemia (20%). It was further reported that treatment methods used by the women were herbs (28%) and anti-malarial drugs (32%), while window/door nets and insecticide treated mosquito nets were used by 77% and 15% of the women, respectively. Therefore, prescriptive stance for our ultimate preparedness to fight malaria now emphasizes possession of insecticide treated nets (ITN) and adoption of some behavioral attitudes to completely distort the development cycle of mosquito larvae. Health practitioners have explored several alternative options for reducing malaria infection. Among these are enhancing the understanding of societies on the role of mosquitoes in transmission of malaria parasites. This often calls for maintenance of essential hygiene in respect of drainage systems, clearing of bush in the surroundings, ensuring regular use of insecticide treated nets (ITNs), indoor spray of mosquito and insect killers. As primary caregivers, women's role in promoting family health cannot be underestimated and had been underscored in many researches (27) . This implies that possession of adequate knowledge for taking some preventive and curative actions will go a long way in fostering sustainable pathway to reduce malaria infection. However, not many studies have probed into the knowledge of women on malaria determine their impacts on malaria infection during pregnancy and use of some preventive methods. This is the objective, which is a major gap that this study seeks to fill.
Materials and Methods

Study Area
Nigeria -blessed with a total land area of about 92,377,000 hectares, out of which about 91,077,000 hectares are solid land area-is one of the Sub-Sahara African (SSA) nations located in the western part of Africa. Beside Abuja which is the Federal Capital Territory, the country has 36 states. It is bounded by the Republic of Benin in the west, the Niger republic in the north, the republic of Cameroon and the Chad Republic in the east. Atlantic Ocean forms its coastline of about 960 km 2 to the south. The National Population Commission (NPC) putting the population at 88.5 million in 1991. The average rate of population growth is about 2.83 per cent per annum. About 140 million people lived in Nigeria in 2006 (28) .
The tropical climate in Nigeria is characterized by wet and dry seasons which are directly associated with movements of rain-inducing southwesterly winds and the cold, dry and dusty northeasterly winds, respectively. The wet season is generally longer (April to September) in the southern parts of the country while dry season is generally longer in northern part. The average annual rainfall ranges between 600 and 2,650, while temperature oscillates between 25°C and 40°C. The northern part typically consists of Sahel grassland while mangrove swamp forest is found in the Niger Delta. Differences in climate, vegetation and soil properties are the bases for agricultural zoning with significant diversity in cultural practices, crop and livestock combinations (29) .
Data and Sampling Methods
The 2010 Nigeria Malaria Indicator Survey (NMIS) aimed to measure the extent of progress in achieving the goals of the 2009-2013 National Strategic Plan for Malaria Control in Nigeria. The survey was carried out between October to December 2010 having being commissioned by National Malaria Control Programme (NMCP). The implementation was done by the National Population Commission (NPC) and other partners of Roll Back Malaria. More than 6,000 households were sampled and women aged 15-49 years were interviewed on malariaprevention during pregnancy, treatment of fever and knowledge of malaria transmission. The sampling frame for 2006 Population and Housing Census was used for the survey. The primary sampling unit (PSU) were defined based on the EAs for 2006 EA census frame. A total of 240 clusters were selected using stratified, two-stage cluster design with 83 in urban areas and 157 in rural areas. A total of 5895 households were selected, out of which 4632 were eligible for women questionnaire (29) .
Analytical Methods
Analysing probabilities of sleeping under mosquito nets and reported malaria morbidity requires some econometric decisions and choices are to be made based on some conventional expectations. Probit or Logit regression is ideal for such modelling. However, the Seemingly Unrelated Bivariate Probit (SUBP) will be bestif sleeping under mosquito nets explains reported malaria morbidity which can also be influenced by several variables in a way of simultaneous equation. Suppose this holds, estimated parameters using conventional Probit or Logit regression will be biased and simultaneously equation should be used as discussed by Maddala (30) . In this study, the structural form of the model will be stated as:
are latent variables for using mosquito nets and reported malaria morbidity respectively. The dependent variable was estimated as dummy variables with values of 1 if sleeping under mosquito net and 0 otherwise. Also, was estimated as 1 if reported to be sick of malaria in the previous fifteen days and 0 otherwise. Furthermore, and are the estimated parameters, while Z i are the included covariates. Included covariates are contained in Table 1 . The error terms of the model are dependent and distributed as a bivariate normal such that: ( ) ( ) , var (v i ) = var (s i ) = 1 and ( ) In the results from STATA software, Wald statistics which tests statistical significance of was used to determine whether the models would be best estimated jointly in a recursive manner or not. Table 2 shows the descriptive statistics of women's socio-economic characteristics across the geo-political zones (GPZs) in Nigeria. It reveals that average age of women in the combined data was 31.74 years with standard deviation of 8.23. Women from southern GPZs were generally older with South East having the highest value (33.74 years). Average age of women was lowest in North West GPZ with 30.91. Similarly, ANOVA F-statistics of 13.70 reveals that there was statistical significant difference (P<0.01) between women's average ages across the Nigeria's GPZs. Table 3 shows the distribution of women that were sleeping under mosquito nets and reported fever in Nigeria's GPZs. It reveals that on the average, more women in northern parts of Nigeria slept under mosquito nets than those from the south. Precisely, women from North East had the highest percentage (59.86%) sleeping under mosquito nets, while South West had the lowest (10.46%). However, a similar trend was also found in reported fever with women from North West having the highest percentage (39.35%) while those from South West had the lowest (13.39%).
Results
In the combined data, about one-third of the women slept under mosquito net, while about one quarter reported fever in the previous two weeks. Table 4 shows the knowledge of women on causes and prevention of malaria across their pregnancy status. It reveals that 13.19% of the women indicated to be pregnant at the time of the interview, of which about one-third slept under mosquito nets. Also, 25.26% of the women reported fever in the previous two week to the time of interview. However, about one third of th e pregnant women reported fever as against approximately one-quarter for those that were not pregnant.
The knowledge of the women on the causes of malaria was assessed in the survey. The results in table 4 reveal that 78.28% of the women correctly answered that mosquitoes are responsible for malaria. However, 79.21% of pregnant women answered this question correctly. However, only 10.62% of the women could link reproduction of mosquitoes to stagnant waters while 23.73% associated dirty surroundings to malaria. However, wrong conceptions were held by 0.52% and 4.64% of the women that associated malaria with drinking of beers and certain food, respectively. The survey probed into the knowledge of the women on how household members could avoid malaria. The women were asked about how malaria could be prevented during pregnancy. This implies that the women that were sick of fever had lower probability of sleeping under mosquito nets, under variables being held constant. The results in table 5 further show that as the age of the women at firth birth increased, probability of having fever significantly increased (P<0.01). However, increase in current age significantly reduced probabilities of sleeping under mosquito nets and being sick of fever (P<0.01). The women that were currently pregnant also had significantly higher probability of having fever (P<0.01). However, as the duration of pregnancy increases, probabilities of sleeping under mosquito nets and having fever significantly increased (P<0.10) and decreased (P<0.05) respectively. The variables that were included to capture the GPZs indicated that compared to those from South West, women that were resident in North Central, North East, North West, South East and South South had significantly higher probabilities of using mosquito nets (P<0.01). However, in the parameters estimated for fever model, North Central was statistically insignificant (P>0.10), while the other regional dummy variables were with positive sign and statistically significant (P<0.01). The results showed that women that were resident in North East, North West, South East and South South had significantly higher probabilities of having fever when compared to those from South West. In addition, the results showed that the women that were resident in urban centers had significantly lower probability of sleeping under mosquito nets when compared to those from rural. The parameter of urban residence though statistically insignificant (P>0.10) in the fever model was with negative sign. Furthermore, while the parameter of household size in the sleeping under mosquito net is positive and statistically insignificant (P>0.10), it is statistically significant (P<0.01) in the fever model. This implied that as household size increased, probability of women having fever significantly increased. The parameter of sick of fever is with negative sign and statistically significant (P<0.01). This implies that probability of sleeping under mosquito nets decreased by 0.1220 among the women that had fever.
Factors influencing women's sleeping under mosquito nets and reported fever morbidity
The results further indicated that none of the parameters for the knowledge of the causes of malaria showed statistical significance in the fever model (P>0.10). However, those women that answered yes to the question of whether mosquito is the causative organism of malaria had significantly lower probability (P<0.05) of sleeping under mosquito nets when compared with those that answered no. Similarly, those that answered yes to the question of whether stagnant water caused malaria had significantly lower probability of sleeping under mosquito nets (P<0.05) when compared with those that answered no. However, the women that possessed wrong knowledge that certain food cause malaria had significantly lower probability (P<0.10) of sleeping under mosquito nets when compared with those with proper knowledge. Some of the parameters that were estimated for preventive knowledge of malaria showed statistical significance at different levels in the two models. The women that knew that sleeping under mosquito nets and ITN could prevent malaria had significantly higher probability (P<0.01) of sleeping under mosquito nets when compared with those that did not. Similarly, the women that answered yes to the question of sleeping under ITN in order to prevent malaria had significantly lower probability of being sick of fever (P<0.05). Furthermore, the women that indicated that malaria could be prevented by using insecticide spray and mosquito coils had significantly lower probabilities of sleeping under mosquito nets (P<0.01). These variables did not show statistical significance in the fever model (P>0.10). However, the women that indicated preventing malaria through closing of doors and windows and cutting of grasses in the surrounding had significantly lower probabilities of having fever (P<0.01). The parameters of these variables did not show statistical significance in the model estimated for sleeping under mosquito nets. In addition, the women that lacked in any knowledge of malaria prevention had significantly higher probability of having fever (P<0.10) when compared with those with knowledge.
Discussions
Average age at first birth was lower in northern Nigeria. The women from the north were also on the average younger than their counterparts from Southern part. The issue of marriage is religiously and culturally defined in Nigeria. The results are in line with expectation given that in northern Nigeria, low educational pursuits among female children promote early marriages with substantial dominance of their elderly husbands. This practice of early marriage is intricately linked with some religious teachings which put some print of legality on behavior that is being criticized by several development stakeholders (31, 32) . Age at first birth was positively associated with probability of being sick of fever. However, if the women's current ages increased, the probabilities of using mosquito nets and sick of fever reduced. Similar findings had been previously reported (33, 34) . The notion of reduced fever vulnerability as the age of women increased can be explained from expected development of immunity and their lower likelihood of being pregnant. It was found that women from northern Nigeria had higher fertility than their counterparts from southern parts. The decision on household fertility is intricately linked to many demographic and socio-economic characteristics of the couples. It had been emphasized that in northern Nigeria, low education of female children could enhance decision for higher fertility (35) . This is also essentially critical given predominance of polygamy (32) . Fertility was also found to significantly increase probability of being sick with fever among the women. This can be traced to likely inability of women to sleep under mosquito nets as household size increases. Also, depending on the number of rooms, women may have some difficulties sleeping under mosquito nets when the household size is very large since the available nets may not be sufficient for everybody. There was also generally low level of education among the women. Low average year of education was a reflection of differences in educational attainments across gender in Nigeria. It had been emphasized that in some instances, girl child would most likely be withdrawn from school in the event of unforeseeable economic adversity (36) . Furthermore, some of the observed demographic and socio-economic characteristics of women from northern Nigeria would implicate their low socio-economic status. The results indicated that those women from northern parts of Nigeria had very low average wealth indices. These findings are in conformity with previous studies that emphasized the endemic nature of poverty in northern Nigeria, which ever poverty measures may have been used (37) . Episodes of fever are synonymous to malaria infection (38) although in many instances self-medication and dependence on traditional healers hinder substantial parasitological confirmations (39) . Over the years, women as primary care givers at home always have acquired some knowledge of associated symptoms of malaria as one of the most common causes of morbidity among household members. Therefore, fever, headache and joint pains are critical symptoms to be watched out for before deciding whether to administer malaria drug or not (39) . The findings indicate that fever morbidity was more reported in northern Nigeria; despite that many of the women were sleeping under mosquito nets. This is evidently revealed in both the descriptive and parametric analyses. In recent time, several efforts had been made to distribute mosquito nets freely in many Nigerian states. Presently, many states in northern Nigeria had been covered, while only few had been covered in the southern parts of the country. This could have explained higher usage of mosquito nets in northern Nigeria. However, inability to prevent entrance of mosquitoes into dwellings may expose household members to their deleterious bites, even before sleeping under the nets. This is also emphasizing the need for adequate window and door netting in the efforts towards prevention of malaria (40) . It had been noted that due to rapid changes in their body's metabolic processes, pregnant women often have higher susceptibility to disease infection (40) . The notion of avoiding miscarriages that could be triggered by malaria infection often makes informed pregnant women to sleep under mosquito nets or use other malaria preventive methods. In the results, about one out of three pregnant women was sleeping under mosquito nets. During anti-natal, pregnant women are often educated through routine health talks that are delivered by some health professionals. This can trigger some form of behavior change. In the parametric analysis, it was found that pregnant women had higher probability of being sick of fever. This is expected because malaria infection during pregnancy can be significant due to rapid weakening of their immunity) 40). It was also found that the probability of being sick of fever reduced as the duration of pregnancy increased. There have been several hindrances to use of mosquito nets even when household possesses them. In some instances, it had been noted that the temperature under the net could so high, thereby constitute some sleeping disturbances. The implication is that without access to functioning electrical fans, it may be difficult for household members to regularly use mosquito nets. In a study in Uganda, Mbonye et al. )13( found that utilization of ITN was low due to high cost, the believe that the chemicals being used to it treat it are dangerous to pregnant women and the fetus, low utilization of antenatal care, lack of support from husband in preventing malaria and perception that adolescents that are pregnant for the first time have higher immunity towards malaria. Close to four out of five women correctly associated malaria morbidity with mosquito bites. In another study in urban areas of North Central Nigeria, 89.47% of the women correctly associated malaria with mosquito bites (41) . Possession of adequate knowledge is a prerequisite for ensuring that the right preventive actions are taken against multiplication of mosquitoes. However, ability to link dirty environment, presence of stagnant water and bushy environment to multiplication of malaria was very limited. This could also be directly linked to low educational attainment of majority of the women. Likewise, testing the recursiveness of the specified model, the women that were sick of fever had lower probability of sleeping under mosquito nets. This is expected because mosquito nets had been found to be effective in preventing malaria )42(. It should also be emphasized that possession of right knowledge of malaria preventive methods reduced probability of being sick of fever and increased probability of sleeping under mosquito nets. However, women that were had the knowledge of preventing malaria through use of insecticide spray and mosquito coils had lower probabilities of sleeping under mosquito nets. The safety of the fetus should however be ascertained before exposing themselves to those gasses.
Conclusion
There are some public health policy issues arising from the study. First, there is the need for marginal health reforms targeted at malaria control among young women especially those being pregnant for the first time. Second, there is the need for family planning awareness creation to ensure access of every household member to mosquito nets. Third, there is the need to promote public health initiatives to enhance the knowledge of women on malaria preventive and curative methods. Finally, enforcement of legislations on environmental sanitation and creation of awareness on the need for clean drainage systems so that breeding of mosquitoes can be thwarted will assist in curtailing the spread of malaria.
